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Abstract

In Little Penguins Ewcvprula minor there are no reliable plumage or body size dilferences that can be
used visually to distinguish the sex ol individuals. However, sexual dimorphism of morphometric
measures has been noted, with males always being a little larger than females, in this study, difter-
ences between E. minor sexes at eight colonies in south-castern Australia were determined stalisti-
cally via discriminant function analysis (DFA) and through the utilization of DNA-based techniques
developed Tor non-ratite hirds, The DFA correctly determined gender in 91, 1% of casces and moleeu-
lar methods were 100% accurate. OQur DFA success rate of efassilication is similar to that previously
published for Little Penguins in Victoria, In this study statistically significant differences in mean
bill depths and lengths were found between Litle Penguin colonies at St Kilda, Phillip 1sland wund
Gabo Island, cumpared to colonies at Kangaroo Island. Granite Island, Middle Isiand and London

Bridge. As birds m eastern populations (St Kilda, Phillip 1skand, Gabo Isfand) exhibit statistically
signilieantly smaller beaks (bill depth and bill length), separate discriminant functions were nvesti
gated for cach phenotypically distinel geo-spatial cohon. Interestingly, cluster anzlysis for bill length
identified three groups: western (Kangaroo Island and Granite Island), eastern (St Kilda, Phillip
Island and Middle Island) and the London Bridge Little Penguin colony, which constiluled a sepa-
rate group. We conclude that while there is a slight increase in DF power for colonies west of Cape
Otway and for some specific colonies, colony-specific DFA is not required to identify the sex ol
Little Penguins in south-castern Australia. (The Victorian Natwralisi 123 (6) 2006, 390-395),

Introduction

The Little Penguin Eudyptula minor is
the smallest penguin species and is endem-
ic to temperate scas in Australia and New
Zealand. Australia has one sub-species (£
minor novaehollandiae), found from
Fremantle (WA) in the west to northern
NSW and Tasmania in the southeast. There
are five sub-species in New Zealand
(Kinksy and Falla 1976). However, Banks
et al. (2002) recently demonstrated that
molecular results subdivide £ minor into
only two clades: 1) the majority of New
Zealand colontes and 2) Australia (sample
from Phillip Island} and Otago £. minor.

Inn order to manage Little Penguin popula-
tions effectively, demographic analyscs
require the accurate determination of gender
of the animals in the ficld (Caughley and
Gunn 1996). However, Little Penguins show
no differences in plumage between genders,
and body size is also similar for males and
females (Agnew and Kerry 1995).

Bill depth has been a useful sexually dis-
tinguishing morphological feature in Little
Penguins {rom Tasmania (Gales 1988),
New Zealand (Renner and Davis 1999,
Hocken and Russell 2002) and also from
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Phillip Island and Gibson Steps in Victoria
(Arnould er al. 2004). Gales (1988) was
the first to use a discriminant function
(DF) that uses bill depth and length. The
New Zealand work also developed DFs
that demonstrated each sub-species
required different functions. Arnould ¢f al.
(2004) found the DFs derived by workers
for New Zealand populations of E. minor
were poor predictors of gender for Little
Penguins at Phillip Island and Gibson
Steps. Gales’ (1988) DF derived from a
Tasmanian population yielded a reliability
of 89.3% and 92.2% for birds at the two
Victorian sites (Arnould ef al. 2004) com-
pared to 94% in Tasmania.

Prcliminary results from our studies at
seven colonies of Little Penguins in south-
eastern Australia suggested bill dimensions
of adults varied among colonies. Amould
et al. (2004) found similar differences in
bill depth in their studies that prompted
them to propose colony-specific DFs might
be needed in arder 1o determine the gender
of birds accurately, rather than just using
the one DF for the Australian sub-species.
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The aim of this paper is to see whether it
is possible to derive a single DF that can
be used to determine accurately the gender
of Little Penguins at eight sites in south-
castern Australia.

Methods

Bill depth (vertical thickness at the nos-
trils) and length (length at exposed culmen
to tip of billy were measured (& 0.1mm) on
50 adult £. minor at seven of the sites
shown in Fig. 1. To minimize inter-opera-
tor variation the same person took all mea-
surements. Data provided in Arnould ez al.
(2004) for known-gender birds at Gibson
Steps were used to test both Gales’ (1988)
and our overall discriminant function.

Blood samples wcre collected from the
birds using standard techniques (Ellegren
1996) and gender determined genetically
ysing the mcthods of Fridolfsson and
Ellegren (1999) that rely on intron length
variation in the sex chromosome-specific
CHD (chromo-hclicase—-DNA binding pro-
tein) gene locus. This allowed us to know
the gender of the birds that had previously
had their bill measurements taken.

The molecular method of gender deter-
mination was verified by application to 40
Little Penguin carcasses from Middle
Island, Warrnambool, that had becn killed
by foxes and subjected to gender determi-
nation by dissection.

Geographic variation in sexual dimor-
phism was tested using Kruscal-Wallis non
parametric ANOVA, The Mann-Whitney
test was used to assess for post hoc differ-
ences and a P-value of <0.05 was consid-
ered statistically significant. Discriminant
function analysis was used to identify the
gender of individual penguins. We used
both bill depth (BD, mm) and bill length
(BL, mm) in our DF. Assumptions associat-
cd with discriminant function analysis were
not violated. The DF we derived was testcd
on 350 birds. Wilk’s Lambda test was used
to determine whether both variables (BD
and BL) contributed significantly to the
model, Canonical discriminant function
coefficients were derived in order to estab-
lish the linear function (Gales 1988).
Cluster analysis was undertaken with
respect to location to determine if there
were any distinct homogeneous sub sets.
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Results

Examination of the seven sites for statis-
tically significant differences (Table 1) in
bill length as a function of location (Fig. 1)
revealed that £. minor from the Kangaroo
Island, Granite Island, Middle Island and
London Bridge colonies have significantly
longer bills when compared to birds from
the more eastcrn colonies (Fig. 2a).
Analysis of the seven sitcs for statistically
significant differences in bill depth derived
a similar result, with £. minor from
Kangaroo Island, Granite Island and
London Bridge having significantly deeper
bills compared to E. minor from the more
castern colonies (Fig. 2b).

Cluster analysis was also performed on
the variables Bill Length and Bill Depth as
a function of location. Bill Length proved
the more interesting variable with three
groups identified: western (Kangaroo and
Granite [sland). eastern (St Kilda, Phillip
Island and Middle Island) and the London
Bridge Little Penguin colony, which is a
scparate group (Fig. 3). Gales” (1988) had
DF = -83.10 + (10.06 1n BL) + (17.99 In
BD). where DS is the discriminant score
and In the natural logarithm, When we
applicd this DF, we found it produced dif-
ferences in the success rate of classifica-
tion for predicting the gender of Little
Penguins (Table 1). The DF that Gales
(1988) derived was most reliable for birds
in the east of Victoria.

Arnould er al. (2004) derived the follow-
ing DF for Little Penguins at Phillip Island
and Gibson Steps: DS = 1.242 BD — 16.774
The DF model derived by Arnould er al.
(2004) from Phillip Tsland and Gibson
Steps E. minor colonics successfully deter-
mined sex for 88.3% of the £. minor
observations from south-eastern Australia.

Testing cach of the seven E. minor
colonies separately for the DF model
derived by Gales (1988) and Arnould ef al.
(2004) resulted in varying success. The
accuracy of both DF models decreased at
the Kangaroo lsland, Granite Island,
Middle Island and London Bridge
colonies, while it increased at the St Kilda,
Phillip Island and Gabo Island £. minor
colonies (Table 2).

The DF we derived from all samples
from all Tocations is: DS = -18.710 +
(1.292 BD) + (0.015 BL).
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Table 1. Mann-Whitney post hoc one-tailed differences for bill length of Eudvptula minor from

seven colonies tabulated (n = 50 individuals /colony,

z-scores, P = p-value.

* statistically significant at the .05 level). Z =

Kangaroo  Granite Middle London St Kilda Phillip
Island Island Island Bridge Island
Granite [sland  Z 0.574 1.110 0.707 -3.149 3.623
P 0.566 0.267 0.480 0.001* 0.000*
Middle Tsland 7 -0.622 1.110 0.565 -1.968 2.385
P 0.534 0.267 0.572 0.025* 0.009*
London Bridge Z -0.299 0.707 0.565 -2.907 3.167
P 0.765 0.480 0.572 0.002* 0.001*
St Kilda z -3.051 -3.149 -1.968 -2.907 0.128
P 0.002* 0.002* 0.049* 0.004* 0.898
K>StK GrI>StK MI>=StK LB>StK
Phillip Island ~ Z 3.414 3.623 2.385 3.167 0.128
P 0.001* 0.000%* 0.017* 0.002*% 0.898
K>PI Grl>Pl MI>P1 LB>PI
Gabo Island Z -3.112 3.240 2.197 2914 -0.073 0.130
P 0.002* 0.001%* 0.028* 0.004* 0.941 0.897
K>G1 Grl>GI MI>GI LB>GI
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Fig. 1. The location of the eight colonies of Little Penguins used in this study.
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Fig. 2a. Box plot of bill length for the seven Eudyprula minor colonies in south-castern Australia
(the median is identified within the box, the data spread is identified as the distance between the ends
of the box, and the lines extend to extremc values. X represents outliers).
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Fig. 2b. Box plot of bill depth for the seven Fudyptula minor colonies in south-eastern Australia (the
median is identified within the box, the data spread is identified as the distance between the ends of
the box, and the lines extend to extreme values).
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Fig. 3. Cluster Analysis of Eudypiula minor bill length for seven colonies in south-eastern Australia.
(K1: Kangaroo Island, GI: Granite Island, SK: St Kilda Breakwater. PI: Phillip Island, MI: Middle
Island, GA: Gabo Island, LB: London Bridge).
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Table 2. Geographically grouped and colony-specific DFs for the Eudyptula minor breeding in

south-castern Australia.

Location Discriminant Function Success rate of classification
This Study  Gales (1988) Arnould er
Tasmania DF  al. (2004)
East of Cape ={(BD X 1.425) + (BL X 0.048) -21.312 91.3%
Otway
Westof Cape = (BD X 1.328) + (BL X 0.011)-19.692  90.5%
Otway
Kangaroo Island = (BD X 1.443) + (BL X 0.042) -22.148 88.2% 73.0% 74.0%
Graniic Island = (BD X 1.362) + (BL. X 0.107) -24.115 88.0% 80.0% 80.0%
Middle Island = (BD X 1.452) -+ (BL X 0.049) -21.889 96.0% 76.0% 76.0%
London Bridge = (BD X 1.37) +(BL X -(.038)-18.702 94.0% 76.0% 76.0%
St Kilda =(BD X 1.236) + (BL X 0.139) -22.053 88.9% 88.9% 88.0%
Phillip Island = (BD X 1.687) + (BL X 0.169) -29.578 94.3% 94.3% 93.0%
Gabo Island =(BD X 1.341) + (BL X -0.039) -16.939 94.1% R84.3% 84.0%

Using all samples the DF correctly predict-
ed gender in 91,1% of birds tested, with
DS values >0 as male and those <0
females. This DF was almost as reliable as
the one we derived for determining gender
of birds in the castern colonies (91.3%)
compared with those in the west (90.5%).
A discriminant function was dcveloped for
cach of the seven sites, for sitcs clustered
both east and west of Cape Otway, and
overall, for all sites (Table 1).

Discussion

We found mcan adult Little Penguin bitl
depth and length varied between the cight
sites sampled in this study. This supports
the observations reported by Arnould ef .
(2004) who also found differences in bill
depth in birds from different colonies;
these differences prompted them to suggest
there might be a need for a different DF for
each colony in Australia. Fig. 2 indicates
that birds from our sitcs clustered into two
groups — one east of Cape Otway and onc
to the west. In all sitcs, the males had sta-
tistically significantly larger bills than the
females.

When the DF derived by Galcs (1988) in
Tasmania was applicd for the eight sites
(the seven sites used in this study and
Gibson Steps). gender was successfully
determincd in 81.7% of cases. When
Gales” DF was applied scparately to the
data from the seven colonics studied, the
reliability was lowest for the western
colonies and higher for the colonics at St
Kilda, Phillip Island and Gabo Island.

Our DF corrcetly determined gender in
birds from the eight colonies in 91.1% of
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cases. Further, its reliability in determining
gender of birds in the castern colonies
{91.3%) compared with those in the west
(90.5%) was also high. The colony-specific
DF success vates varicd. with a high success
of 96% for thc Middle Island colony and a
low of 88% for the Granite 1sland birds.

The DF we have derived is thus more
reliable at predicting the gender of pen-
guins in south-east Australia in comparison
with other DFs that have been published
for the same species elsewhere,
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Abstract

Mortality due to road trauma can have large negative impacts on some populations and often is
biased towards age/sex classes that have higher rates ol movement: individuals during the brecding
season and juveniles while they arc dispersing. A bias towards young males has been found in two
previous studies of road kill Koalas in southeast Quecensland. Such a bias was not found in the pre-
sent study of Koala skulls Jrom populations across Victoria. This may be duc to the dilferent Koala
population structures and densities or road types and characteristics. (The Victorian Naturalist 123 (6)

2006. 395-399).

Introduction

Individuals of many species are killed on
the roads (Trombulak and Frissell 2000;
Taylor and Goldingay 2004) and this ean
have large negative effects on populations
of wild animals (Dufty 1994; Jones 2000;
Hebblewhite et al. 2003; Lopez et al.
2003). Road trauma is known to impact
some Koala populations (Backhouse and
Crouch 1990; Lunncy ef al. 1996;
Thompson 1996). The Phillip Island Koala
population in Victoria deercased substan-
tially between 1973 and 1988, mostly due
to high mortality from road trauma (Every
1986: Baekhouse and Croueh 1990).

Mortality rates due to road trauma have
been found to differ between temporal sea-
sons (Taylor and Goldingay 2004) and
may be greater in age/sex classes that have
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high dispersal rates or inereased activity
levels (Bonnet er al. 1999, Inbar and
Mayer 1999). For example, Coulson
(1989) found that 48% of road killed
Eastern Grey Kangaroos Macropus gigan-
feus were | to 2 years of age, the age when
they were dispersing. A significant bias
towards road kills of two-year-old maerop-
ods was also found by Lee er al. (2004).
Additionally, males were more likely to be
hit than females in five species of macrop-
ods, possibly beeause of their greater rang-
ing behaviour (Coulson 1997). A high pro-
portion of ungulate road traumas are also
related to dispersal and breeding behaviour
(Groot Bruinderink and Hazebroek 1996).
Similar patterns of male-biased mortalily
caused by road trauma have been found in
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